With electrolyte reference fluid (ERF)00, results from Kodak Ektachem slides for the direct potentiometnc assay of sodium in plasma were significantly correlated with results from flame photometry, but also appeared to be systematically higher, especially in hypernatremic patients. Indirect potentiometry with the Tech nicon RA-1000 yielded intermediate values. In 23 hypernatremic patients with 6 mmol/L difference in sodium between Ektachem ERFOOand flame photometry, a clinical survey disclosed the frequent association of large between-method differences with renal failure, diabetes mellitus, and gastrointestinal disease. However, there was no correlation between differences in sodium on the one hand and anion gaps or (lipo)protein concentrations on the other, nor did in vitro addition studies implicate metabolites that often accumulate in the above-mentioned disorders. Unlike indirect methods, sodium measurements by direct potentiometry on Ektachem and Coming were influenced by in vitro changes of pH between 7.0 and 7.9. However, in a group of patients that included many acidotic individuals, between-method differences in sodium appeared not significantly correlated with in vivo blood pH. Use of the equitransferant ERFO4 on Ektachem strongly diminishes the systematic differences with flame photometry, reduces the pH-dependency of the results to that of the direct Corning method, and brings the mean analytical recovery of sodium to below 95% (instead of 115% previously)without affecting the ability of Ektachem slides to avoid spuriously low results in the presence of increased (monoclonal) protein concentrations. 25, 27, 35) . However, the amplitude and direction of these differences varied considerably between reports. The more recent fluid, equitransferant ERFO4 (1.2 mol of CsCl and 0.2 mol of NaHCO3 per liter, pH 9.5, according to fax commuriication from Kodak), was claimed to minimize errors in liquid junction potential on the Ektachem analyzer and to limit differences in sodium in comparison with results by other methods (25, 27), but the reason for the observed beneficial effect was not further investigated. Also, between-method differences were not examined in terms of their possible association with disease-or treatment-related factors that might divergently affect the various techniques tested.
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Results

CorrelationStudies
In several (n = 280) unselected plasma samples from our hospital we found a highly significant correlation between apparent sodium concentrations obtained with the Ektachem (with ERFOO) and with flame photometry ( Figure   1 Ektachem and flame photometry, indicating that disease-or treatment-associated changes in osmolaity or certain metabolites were unlikely to underlie the observed differences in sodium.
Effect of Plasma pH (in Vivo and in Vitro)
The relatively frequent occurrence of metabolic acidosis in the patients we studied prompted us to investigate the pH dependency of sodium results for five different For each plasma pool we measured sodium with the above methods in three pH domains: 7.0-7.3, 7.3-7.6, and 7.6-7.9. At variance with indirect potentiometry and flame photometry, all direct potentiometric methods produced apparent sodium concentrations that were significantly higher in slightly acidic medium (pH 7.0-7.3) and significantly lower in slightly alkaline medium (pH 7.6-7.9), in comparison with data obtained at near normal pH (7.3-7.6) (Figure 2 ). In the presence of ERFOO, the pH-dependent change in apparent sodium concentration on Ektachem was significantly greater than that observed in the presence of ERFO4 or with the Corning potentiometer (Figure 2) for multiple between-method comparisons was reached only at P <0.005). Ektachem (with ERFO4) yielded data that were modestly (94% ± 2%) but significantly (P <0.002) lower than that of flame photometry. By contrast, for Ektachem slides with ERFOO, analytical recovery averaged 114% (SD 3%), significantly greater than for any other method tested (P <0.002).
Effect of Chemical Compositionof ERF
In 39 patients, apparent sodium concentrations ob- 
Discussion
Direct ISE methods sense the sodium ion activity in plasma water, rather than the physiologically less relevant total sodium concentration (7-11). Additional sources of differences with flame photometry include variations in ionic strength, in protein binding, in complexation or ion-pair formation involving sodium ions, in residual liquid junction potential, and in ion-selectivity of electrodes (1-4,31) . Attempts to express potentiometric data in concentration units to facilitate between-method and between-laboratory comparisons fail to completely dissipate the differences in reference ranges obtained with (e.g.) flame photometry ( 
